03-30-06 04:12pm Frcm-Ratner Prestia 610-407-0701 T-591 P. 010/022 F-749 

Amendment Dated March 30, 2006 

Reply to Office Action of November 30 7 2005 



Amendments to the Claims: This listing of claims will replace all prior versions, and 
listings, of claims in the application 

Listing of Claims: 
What is Claimed: 

1. (Currently Amended) A laser micromachining system for drilling holes in a work piece 
comprising: 

a laser beam generator for directing a laser beam having a wavelength A, along an optical 
path, 

an image interpolating mask having an array of apertures, disposed in the optical path, for 
receiving the laser beam and forming a corresponding array of sub-beams of a first pitch 
size, thfl array of sub-beams being a sub-pa t te rn of a reduced-si2;e pattern formed on .. tt )£ 
work piece. 

a tranp l ot i on stage confi g ured to move the - af r ny of sub booms in a pcrpcndio d gr d i rection 
fr= >- tho optical path, and 

a demagnifier, disposed in the optical path, for forming a-the_reduced-size pattern of the 
array of sub-beams on the work piece, the reduced-size pattern having a second pitch size, 
and 

^translation stage coupled to the image in terpolating mask for moving the image 
interpolating mask and the array of sub-be am s I n a perpendicul ar direction to the optical 
path such that the array of sub-beams is m oved in a sequence to form the reducec|-gize 
pattern on the work Piece, 

wherein the second pitch size is less than A and the first pitch size is greater than A, and 

when the laser beam is generated and the translation stage moves the array of sub- 
beams, the image interpolating mask is effective in forming an array of holes having the 
second pitch size. 
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2-4. (Canceled) 

5. (Currently Amended) The-Ajaser micromachining system otH^ aim 1 whercinfor drilling 
holes in a work piece comprising: 

a laser beam generator for directing a lase r beam having a wavelength A, along an optical 
path, 

an imaoe interpolating mask having an array o f apertures, disposed in the optical path, for 
receiving the laser beam and formjng a corr e sponding array of sub-beams of a first Pitch 
size, 

a translation stage configured to move th e arra y of sub-beams in a perpendicular cjirectjon 
LQ.the optjqsl path, and 

a demaqnifier, disposed fn the optical path, f or forming the reduced-size pattern of the 
array of sub-hftams on the work Piece, the r ed uced-size pattern hav in g a second pitch gj?e, 

wherein the second pitch size is less than A a nd the first pitch size is greater than A, 

the array of apertures of the image Interpolating mask has an aperture density of 1/N 
times an image density of the reduced-size pattern on the work piece and times a 
demagnification factor of the demagnlfler, N being a positive Integer* 

when the laser beam is generated and the translation stage move s the array of .auk 
heams. the image interpolating mask is effective in forming an array of holes having thfi 
second pitch size, and 

the array of sub-beams is configured to translate N-times in a-ibg_perpendlcular direction 
to the optical path by the translation stage to form the array of holes of the second pitch 
size. 

6. (Original) The laser micromachining system of claim 1 wherein 
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the laser beam generator includes a pulsed laser providing a pulsed-on period of less than 
200 femtoseconds, and 

a harmonic generating crystal, coupled to the pulsed laser, for providing a harmonic 
frequency of the pulsed laser to produce the laser beam having the wavelength of X. 

7. (Original) The laser mlcromachining system of claim 1 wherein 

the demagnifier includes a first lens having a first focal length and a microscope objective 
having a second focal length, and 

a demagnification factor resulting from the first focal length divided by the second focal 
length. 

8. (Currently Amended) The-AJaser mlcromachining system for drilling holes In a work 
piece comDrisino:of c l a i m 1 whcro to 

a laser beam generator for directing a laser beam hav ing a wavelength A. along an optical 
path, 

an image interpolating mask having an arr ay of apertures, disposed in the optical path, for 
receiving the laser beam and form ing a corresponding array of sub-beams of a first pitch 
size,_ each of the sub-beams Iftetotes -includlng a Gaussian Intensity distribution* 

a translation stage configured to move the array of sub-beams in a perpendicular dirertlQn 
to the optical oath, and 

a demaanifier, disposed in the optical path, for fo rming the reduced-size pattern of the 
a rray of sub-beams on the work Piece, the reduced-size pattern having a sec ond pitch size, 

wherein the second pitch size is less than A and the first pitch size is greater th^n A, r-&*d 

a hole of the array of holes has a diameter of approximately less than or equal to the full 
width at half maximum (FWHM) of the Gaussian intensity distribution J _aDd 
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^ fren the laser beam Is generated and the transla t i on stage move s the array of sufr- 
heams. the image interpolating mask is effecti ve in forming 3n a rray of ho|e? having the 
qacond pitch si2e . 

9. (Original) The laser micromachining system of claim 1 wherein 

a scanning mirror Is provided in the optical path behind the laser beam generator for 
uniformly distributing the laser beam onto the image interpolating mask. 

10. (Original) The laser micromachining system of claim 1 wherein 

the second pitch size is less than a diffraction limit of the laser beam, and 

the first pitch size is greater than the diffraction limit of the laser beam multiplied by a 
demagnification factor of the demagnifier. 

11. (Currently Amended) A laser micromachining system for drilling holes in a work piece 
comprising: 

a laser beam generatgrfor directing a laser beam along an optical path, the laser beam 
having a wavelength of A, 

a diffraction optical element (DOE) and a telecentric f-9 lens disposed in the optical path 
for receiving the laser beam and forming an array of sub-beams, the array of sub-beams 
having a first pitch size, ■ 

a translation stage configured to move the array of sub- beams in a perpendicular direction 
to the optical path, and 

a demagnifier for forming a reduced-size pattern of the sub-beams onto the work piece, 
the reduced -size pattern having a second pitch size, 

wherein the second pitch size is less than A and the first pitch size is greater than A, 
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the array of sub-beams has a density of 1/N times an ima ge density of the reduced-size 
pattern on the work piece and times a demaanification facto r of the demaonifier, N being a 
positive integer,^**! 

when the laser beam is generated and the translation stage moves the array of sub- 
beams, the DOE and the telecentric f-8 lens are effective in forming an array of holes 
having the second pitch sl2e J _aod. 

the array of sub-beams is configured to translate N-times in a perpendicular direction to 
the optical path bv the translation stage to form the array of holes of the second pitch Size . 

12. (Original) The laser micromachlnlng system of claim 11 wherein 

the array of sub-beams formed by the DOE and the telecentric f-6 lens are a sub-pattern of 
the reduced-size pattern formed on the work piece, and 

the translation stage Is configured to move the array of sub-beams in a sequence to form 
the reduced-size pattern on the work piece. 

13. (Original) The laser rnicromachining system of claim 12 wherein 

the translation stage is coupled to the telecentric f-6 lens for moving the telecentric f-9 
lens and the array of sub-beams. 

14. (Original) The laser rnicromachining system of claim 12 wherein 

the translation stage is coupled to a work piece holder holding the work piece for moving 
the work piece with respect to the array of sub-beams. 

15. (Canceled) 

16. (Original) The laser rnicromachining system of claim 11 wherein 
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the laser beam generator includes a pulsed laser providing a pulsed-on period of less than 200 
femtoseconds, and 

a harmonic generating crystal, coupled to the pulsed laser, for providing a harmonic frequency 
of the pulsed laser to produce the laser beam having the wavelength of A. 

17. (Currently Amended) The-A^laser mfcromachining system for drilling holes in a work piece 
compilsiriai Qf claim 11 where in 

a laser beam generator for directing a laser beam along an optical path, the laser beam having 
a wavelength of A. 

^diffraction optical element (DOF> and a telecentric f-9 lens disposed in the optical path fo r 
receiving the laser beam and forming an array of s ub-be ams, the array of ?u>he ams having a 
first pitch size^ each of the sub-beams 4Rek^es -lncludiriq_ a Gaussian intensity distribution^ 

a translation stage configured to move the array of sub-beams in a perpendicular direction to 
the optical path, and 

a dernaonifier for forming a reduced-size Pattern of the sub-beam s onto the work pjecg, the 
reduced-siz e pattern having a second Pitch size. 

wherein the second pitch size is less than A and the firs t pitch size is greater than A fT ^n^ 

a hole of the array of holes has a diameter of approximately fess than or equal to the full width 
at half maximum (FWHM) of the Gaussian intensity distribution^and 

when the laser beam is generated and the translatio n stage moves the array of sub-beams, the , 
DOE and the telecentric f-9 lens are effective in formi ng qn array of hQl^s having the s<*<;ond 
pitch size . 

18. (Original) The laser micronnachining system of claim 11 wherein 
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a scanning mirror is provided in the optical path behind the laser beam generator for uniformly 
distributing the laser beam onto the DOE. 

19. (Original) The laser micromachlning system of claim 11 wherein 

the second pitch size is less than a diffraction limit of the laser beam, and 

the first pitch size is greater than the diffraction limit of the laser beam multiplied by a 
demagnification factor of the demagnifier. 

20. (Currently Amended) A laser micromachining system for drilling holes in a work piece 
comprising: 

a laser beam generator for directing a laser beam having a wavelength A, along an optica! path, 

an image interpolating mask having an array of apertures, disposed in the optical path, for 
receiving the laser beam and forming a corresponding array of sub-beams of a first pitch size, 

a translation stage configured to move the array of sub-beams in a perpendicular direction to 
the optical path, and 

a demagnifier, disposed in the optical path, for forming a reduced-size pattern of the array of 
sub-beams on the work piece, the reduced-size pattern having a second pitch size, 

wherein the second pitch size is approximat e ly equal to a Ravlelah distance of 0.61*A/N.A^ 
where N.A. is a numerical aperture of a lens in the optic al path. l e s s than o diffraction limit of 
the laser beam, and 

the first pitch size Is greater than the diffraction limit of the laser beam, and 

when the laser beam is generated and the translation stage moves the array of sub-beams, the 
image interpolating mask is effective In forming an array of holes having the second pitch size. 
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21. (Canceled) 

22. (Currently Amended) The laser micromachining system of claim 2i-2£Lwhereln 
the second pitch size is approximately equal to 1.5* Rayleigh distance. 

23. (Currently Amended) A laser micromachining system for drilling holes in a work piece 
comprising: 

a laser beam generator for directing a laser beam along an optical path, the laser beam having 
a wavelength of A f 

a diffraction optical element (DOE) and a telecentric f-G lens disposed in the optical path for 
receiving the laser beam and forming an array of sub-beams, the array of sub-beams having a 
first pitch size, 

a translation stage configured to move the array of sub-beams in a perpendicular direction to 
the optical path, and 

a demagnlfier for forming a reduced-size pattern of the sub-beams onto the work piece, the 
reduced-size pattern having a second pitch size, 

wherein the second pitch size is approximat ely equal to a Rayleigh distance of 0-61*A/NiA»r 
where N,A. is a numerical aperture of a lens in the op tical path. tess- than a dtffrart i<^ttffltt-ef 
th e l aser beam, ond 

the first pitch size is greater than the diffraction limit of the laser beam, and 

when the laser beam is generated and the translation stage moves the array of sub-beams, the 
DOE and the telecentric f-8 lens are effective in forming an array of holes having the second 
pitch size. 



24. (Canceled) 
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25. (Original) The laser micrornachining system of claim 24-23_wherein 
the second pitch size is approximately equal to 1.5* Rayleigh distance. 

26. (Currently Amended) A method of drilling holes in a work piece comprising the steps of: 

(a) receiving a laser beam directed along an optical path; 

(b) directing the laser beam through a DOE beam formfrf, disposed in the optical path, to 
form an array of angied_sub-beams having an angled beam pattern; 

fc) passing the angled beam pattern through a telecentri c f-9 lens to form an array of sub- 
beams in a parallel pattern of a first pitch size; 

(ed) demagnifying the array of sub-beams to form a reduced-size pattern of a second pitch 
size on the work piece; 

(de) translating the array of sub-beams in a perpendicular direction to the optical path; and 

(eD after translating the array of sub-beams in the perpendicular direction to the optical 
path, forming the reduced-size pattern of the second pitch size on the work piece. 

27. (Currently Amended) The method of claim 26 wherein 

step (a) includes receiving the laser beam having a wavelength of A; 

j step (be) includes forming the array of sub-beams with a pitch size greater than the wavelength 
of A; and 

| (ef) Includes forming the reduced-si2e pattern on the work piece with a pitch size smaller 
than the wavelength of A. 
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28, (Currently Amended) The method of claim 26 wherein the first pitch size is larger than the 
second pitch size by a factor of P times a demagnification factor provided by the demagnifying 
step, P being a positive integer; and 

j step (4e) includes translating the array of sub-beams in the perpendicular direction P times; 
and 

j step (ef) includes after translating the array of sub-beams P times, forming the reduced-size 
pattern of the second pitch size on the work piece, 

29. (Original) The method of claim 2&-32 wherein 

step (b) includes directing the laser beam through an image Interpolating mask having an array 
of apertures, and 

forming the array of sub-beams after passing the laser beam through the array of apertures. 
30-31. (Canceled) 

32. (Currently Amended) =a**-A method of drilling holes in a work niece comprising the steBS 
QfL 

(a^ receiving a laser beam directed along an optical pathi 

(m directing the laser beam through a beam former, dispo sed in the optical oath, to form an 
array of sub-beams of a first pitch slze. of c l aim 2 6 wherein the array of sub-beams fras-having a 
density of 1/N times an image density of the-a_reduced-size pattern to be formed on the work 
piece and times a demagnification facto r of the demagnifyin g-steft, N being a positive integer; 

frt demaonlfvina the array of sub-beams by the demagnification factor to form the recj uced- 
pattern of a second pitch size on the work piece; 

and 
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5tep-(d)-H^el-wde&-^trans|at]ng the array of sub-beams N times in the perpendicular direction 
to the optical path; and 

sEep-(e) includes- after translating the array of sub-beams N times, forming the reduced-size 

pattern on the work piece. 

33, (Currently Amended) The method of claim 26-32_wherein 

step (d) includes coupling a translation stage to the beam former for translating the array of 
sub-beams in the perpendicular direction to the optical path. 



34. (Currently Amended) The method of claim 26 wherein 



step (de) includes coupling a translation stage to a work piece holder for translating the array of 
sub-beams in the perpendicular direction with respect to the optical path. 
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